INTRODUCTION
Groundwater is an important source for drinking water around the world, especially in rural areas (WHO 2006) .
In Norway, groundwater is the primary drinking water source for 15% of the population. This is a low percentage compared to the other Nordic countries, USA and Europe ( Figure 1 ). Approximately 2/3 of the groundwater is delivered by community water systems and 1/3 by small individual water systems (Gaut 2005; Myrstad et al. 2007; VREG 2009 ). Most of the community groundwater systems derive groundwater from Quaternary glaciofluvial deposits, while individual groundwater systems, serving single households, camping lots and holiday cottages, primarily use groundwater derived from wells in crystalline bedrock aquifers (EEA 1999; Gaut 2005) . These wells are particularly important in rural areas with scattered population and with low access to adequate surface water sources or Quaternary deposits (Morland 1996) .
Groundwater is generally considered a safe drinking water resource which requires little or no treatment to be suitable for drinking (Stenstrøm et al. 1994; WHO 2006) .
Most of the individual and smaller community waterworks
in Norway therefore supply groundwater directly from a spring or well without treatment (Myrstad et al. 2007 ).
For such water supply systems, source protection is vital if public health is not to be compromised (WHO 2006) .
Disease causing microorganisms discharged to the environment from a variety of sources can migrate through soil and enter groundwater, as demonstrated by the presence of e.g. indicator bacteria and parasites (Cryptosporidium) in Norwegian groundwater (Gaut et al. 2008; VREG 2009 ).
This migration represents a risk of disease outbreaks, especially if setback distance or water detention time between the source of contamination and abstraction point are too short and the water at the same time is distributed without disinfection.
In Sweden, Finland and the United States, groundwater accounts for more than half of the waterborne outbreaks (Lahti & Hiisvirta 1995; Anderson & Bohan 2001; Miettinen et al. 2001; Lee et al. 2002) . Outbreaks associated to groundwater are reported also in Norway 
DEFINITIONS Outbreak
An outbreak is an event where more disease cases are clustered than the anticipated, endemic, background level (Anderson & Bohan 2001) . For an event to be identified as a waterborne disease outbreak (WBDO), two or more persons must be epidemiologically linked by location of exposure to water, by the time of exposure, and by characteristics of illness, and epidemiological evidence must implicate water as the probable source of illness (i.e. Lee et al. 2002; Craun et al. 2006) .
Water systems
Community systems comprise municipal waterworks, intermunicipal waterworks, or private waterworks that serve more than 50 year-round residents and/or 20 households.
These waterworks are required to submit data to the Norwegian waterworks registry (VREG) administrated by the Norwegian Institute of Public Health (NIPH) (Myrstad et al. 2007) . Individual water systems are small privately owned home or farm wells, springs or surface waters that serve a single or a few households/cottages, usually situated in scattered populated areas and the use of non-public sources such as streams, ponds and wells not intended for drinking (WNID) (Lee et al. 2002) .
Deficiencies
Each drinking water system associated with a WBDO is generally classified according to one or more of the following five deficiencies (Lee et al. 2002) (Stenstrøm et al. 1994) . (Table 1) . (5452) 17 (148) p The data are collected from Stenstrøm et al. (1994 Stenstrøm et al. ( ) (1984 Stenstrøm et al. ( -1987 and received from NIPH (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . † The data for surface water includes four outbreaks (29 disease cases) related to WNID ¼ Water not intended for drinking. Norway use surface water as their source.
of the outbreaks were documented in drinking water

Etiologic agents
The etiologic agent was identified in 60 of the 102 outbreaks discussed in this paper (Table 3) Norovirus outbreaks in Norwegian groundwater systems were reported in January, April, June, July and December (data not shown); the two largest (350 and 800 groundwater has a temperature of 2-78C, which favours longer persistence of virus than at higher temperatures (Yates et al. 1985) .
All outbreaks of campylobacteriosis occurred during
March to November, with a peak in July-September 
Water system deficiencies
The Norwegian drinking water guidelines require two hygienic barriers in the drinking water distribution system.
Surface water is the most common source water type for drinking water supply in Norway. It is more vulnerable to faecal contamination than groundwater, and is obliged to undergo disinfection before distribution to the consumers. (266) 52 (16120) 19 (178) 4 (29) 102 (17243) p WNID: water not intended for drinking.
barrier. Protection of the surface in the catchment area of the wells can be a second barrier. Therefore, 55% of the community groundwater works and most of the individual groundwater supplies in Norway do not include disinfection. Furthermore, 12% of the community surface water waterworks do not disinfect the water (Myrstad et al. 2007 ).
This may be one explanation of that the most common deficiency in Norwegian drinking water systems during 1984 -2007 was use of untreated surface water (27% of all outbreaks) and groundwater (26% of all outbreaks), which caused 15% and 14%, respectively, of all disease cases (Table 4) . Most of these outbreaks occurred in individual groundwater systems and community surface water systems.
In addition to the many individual water supplies without disinfection, there are about 160 community surface waterworks and 300 community groundwater works without disinfection in Norway (Myrstad et al. 2007; VREG 2009 ). Most of these water waterworks generally serve small communities (50 -500 persons), which may explain the relatively low percentage of disease cases compared to the percentage of outbreaks caused by untreated water.
UV-disinfection has been the most widely used disinfection method at small to medium sized waterworks in Potentially, the total number of disease cases could be expected to reflect the total water production from groundwater and surface water. However, in the 81 outbreaks, the proportions of disease cases related to groundwater (32%) and surface water (68%) systems were different from the corresponding production of water (15 and 85%, respectively) ( Figure 5A ). Interestingly, when we omitted the outbreaks caused by contamination of the distribution network, the proportion of disease cases corresponded with the water production, for both groundwater and surface water systems ( Figure 5B ).
CONCLUSIONS
The results from this study demonstrate that the proportion In order to improve the regulations regarding groundwater systems, information on type of aquifer and protection zones should be included when reporting waterborne outbreaks.
